The strongly hydrophobic bacteriocin amylovorin L471 from Lactobacillus amylovorus DCE 471 was isolated and purified to homogeneity from complex culture broth by a novel, rapid and simple three-step protocol including (i) ammonium sulphate precipitation, (ii) chloroform/methanol extraction/precipitation and (iii) reversed-phase HPLC, the only chromatographic step involved. The molecular mass of the peptide was determined to be 48769 Da by electrospray mass spectrometric analysis. Nterminal amino acid sequencing identified 35 amino acid residues as being identical to the N-terminal sequence of lactobin A, a bacteriocin from another L. amylovorus strain. These non-identical strains produce bacteriocins that display small differences in molecular mass and inhibitory spectrum. The amino acid sequence of amylovorin L471 shared significant homology with lactacin X, one of the two bactericidal peptides produced by Lactobacillus johnsonii VPI11088. A purified amylovorin L471 preparation permitted confirmation of the inhibitory spectrum previously established with a crude extract. It displayed a bactericidal mode of action on lactobacilli after an extremely rapid adsorption to the target cells. Two Listeria spp. were only weakly sensitive. Amylovorin L471 appears to be produced constitutively. Ethanol not only stimulated specific bacteriocin production but also prevented adsorption of the bacteriocin molecules to the producer cells upon prolonged fermentation. The latter result supports the hypothesis that the apparent inactivation of bacteriocin observed during the stationary phase of batch fermentations is due to adsorption.
INTRODUCTION
In recent years, several new bacteriocins produced by lactic acid bacteria have been isolated and purified. Bacteriocins are known to kill other closely related Gram-positive bacteria (Klaenhammer, 1988 ; De Vuyst & Vandamme, 1994) . Based on their structural, physico- The GenBank/EMBL/DDBJ accession number for the sequence reported in this paper is P81927. a Gly-Gly (positions k2 and k1) processing site and possible formation of disulphide bridges between highly conserved cysteine residues, they are not post-translationally modified by enzymic action (Nes et al., 1996) . Within class II, three different subclasses can be distinguished. Class IIa contains the pediocin-like or anti-listerial peptide bacteriocins characterized by a YGNGVXC motif in their N terminus, for example pediocin PA-1\AcH (Nieto-Lozano et al., 1992 ; Motlagh et al., 1992) . Class IIb bacteriocins are composed of two polypeptide chains to achieve full (e.g. lactococcin G ; Nissen- Meyer et al., 1992) or expanded (e.g. lactacin F ; Allison et al., 1994) biological activity. Both subclass IIa and subclass IIb bacteriocins depend on dedicated secretion and maturation proteins for their secretion and processing. Class IIc bacteriocins, for instance divergicin A, are dependent on the general secretory pathway of the cell (Worobo et al., 1995) . Class III bacteriocins, for example the helveticins (Joerger & Klaenhammer, 1986 ; Vaughan et al., 1992 ; Thompson et al., 1996) , are large, heat-labile proteins that are not as well characterized.
Several protocols and chromatographic methods have been proposed for the analytical purification to homogeneity of lactic acid bacteria bacteriocins. Chromatography is usually applied after a first concentration step by salt precipitation (Muriana & Klaenhammer, 1991) or acid extraction (Yang et al., 1992) . The procedure further includes cationic exchange, hydrophobic interaction, gel filtration and\or reversed-phase chromatography (Hastings et al., 1991 ; Nissen-Meyer et al., 1992) . However, only a few authors have reported simple procedures for bacteriocin purification. Methods described include batch adsorption to an appropriate adsorbent based on hydrophobic or electrostatic interactions (Stoffels et al., 1993) , acid extraction and reversed-phase (RP)-HPLC (Daba et al., 1994) , ammonium sulphate precipitation and reversed-phase chromatography (Joosten et al., 1996) , pH-mediated cell adsorption-desorption and semi-preparative RP-HPLC (Elegado et al., 1997) , and ethanol precipitation, preparative isoelectric focusing and ultrafiltration (Venema et al., 1997) .
Among the large number of bacteriocins from Lactobacillus species, amylovorin L471 was the first bacteriocin to be characterized from Lactobacillus amylovorus (De Vuyst et al., 1996a fermentation is maximal at a controlled pH of 5n0. Production starts early in the growth cycle and displays primary metabolite kinetics (De Vuyst et al., 1996b) .
In this paper we describe the purification to homogeneity of amylovorin L471 using a novel, rapid and simple isolation and purification protocol involving only one chromatographic step. We further determine the Nterminal amino acid sequence of amylovorin L471, confirm its narrow antibacterial spectrum and show its bactericidal action and constitutive expression. Finally, it is shown that adsorption of the bacteriocin molecules to the producing cells, which is responsible for the apparent loss of bacteriocin activity upon prolonged fermentation, is prevented by ethanol.
METHODS
Bacterial strains and media. The bacteriocin-producing strain used in this study was L. amylovorus DCE 471 (De Vuyst et al., 1996a) . L. delbrueckii subsp. bulgaricus LMG 6901 T was employed as the amylovorin-L471-sensitive indicator organism (De Vuyst et al., 1996a) . Lactobin A was isolated from L. amylovorus P-13139 (Contreras et al., 1997) . Other microorganisms used to examine the inhibitory spectrum of amylovorin L471 and lactobin A are listed in Table 1 .
The lactobacilli were stored at k80 mC in MRS broth (Oxoid) plus 25n0% (v\v) glycerol. Before experimental use, the cultures were propagated twice in MRS broth at 37 mC for 12 h ; the transfer inoculum was 1n0% (v\v). MRS broth adjusted to pH 6n5 was further used for bacteriocin production unless stated otherwise. MRS agar media were prepared by addition of 1n5% (w\v) granulated agar (Merck) to the broth medium ; overlay agar contained 0n7 % granulated agar. The growth medium used for Listeria innocua RZS 01 (LM medium) was composed of (g l − ") : tryptone (Oxoid), 15n0; bacteriological peptone (Oxoid), 2n5 ; Lab-Lemco (Oxoid), 2n5 ; NaCl, 5n0 ; and yeast extract (Merck), 6n0 ; and was adjusted to pH 7n0.
Bacteriocin purification to homogeneity and characterization of the purified peptide. Amylovorin L471 was produced and isolated as described previously (De Vuyst et al., 1996a) . Briefly, cells were harvested from 2 l cultures (Biostat B fermenter, B. Braun Biotech International) by centrifugation (5500 g, 20 min, 4 mC) after 10 h of fermentation at 37 mC when the pH had dropped to approximately 4n2. The supernatant fraction was adjusted to pH 6n5 (with 10 M NaOH). This material was referred to as crude supernatant. Crude cell-free culture supernatant (pH 6n5) was made up to 40 % ammonium sulphate and held overnight at 4 mC with stirring. The sample was centrifuged (5500 g, 30 min, 4 mC) and the surface pellicle (containing the bacteriocin) was recovered and suspended in 50 mM sodium phosphate buffer (pH 6n5). This material was considered as crude bacteriocin.
Crude bacteriocin was further treated with at least 15 vols of a mixture of chloroform and methanol (2 : 1, v\v) for 1 h at 4 mC. The resulting fine-grained white precipitate (containing the bacteriocin) was collected by centrifugation for 30 min at 5500 g (4 mC), air-dried and dissolved in a minimal amount of 10 % 2-propanol\0n1 % trifluoroacetic acid (TFA). It was considered as partially purified bacteriocin and could be stored at k20 mC. Lactobin A (used in the antimicrobial spectrum assays) was similarly isolated and partially purified.
IP: 54.70.40.11
On: Thu, 10 Jan 2019 17:08:35
R. CALLEWAERT and OTHERS
For final purification to homogeneity, an FPLC system equipped with a 1 ml C2\C18 PepRPC HR 5\5 column (Pharmacia) was used. The mobile phases A and B were 10 % 2-propanol\0n1 % TFA and 100 % 2-propanol\0n1 % TFA, respectively. Before applying the sample to the column, two vols phase B were added to the partially purified bacteriocin, as well as HCl to a final concentration of 30 mM, in order to increase its solubility. After micro-centrifugation (13 000 g, 15 min) of the partially purified bacteriocin, 500 µl of the supernatant was applied to the column. A flow rate of 0n5 ml min − " and a stepwise gradient from 15 to 100 % of phase B was applied. Fractions of 0n5 ml were collected. Absorbance was monitored both at 210 and 280 nm (VWM 2141 monitor, Pharmacia). All fractions were assayed for bacteriocin activity as described below. The active FPLC fractions (1n0 ml) were ultrafiltered through a membrane with a molecular mass cutoff of 3000 Da. The active retentate was readjusted to the original volume and was stored at k20 mC.
The molecular mass of purified amylovorin L471 was determined via electrospray mass spectrometry. The analysis was carried out on a BIO-Q triple quadrupole atmospheric pressure mass spectrometer, equipped with an electrospray ionization source (Micromass). Ten microlitres of a sample solution in acetonitrile\1 % formic acid (1 : 1, v\v) was injected via a Rheodyne 5717 injector and pumped to the source using acetonitrile\1 % formic acid (1 : 1, v\v) at a flow rate of 4 µl min − ", delivered by a syringe pump (Havard Instruments). Scans were registered for 2n5 min. Calibrations for precise mass measurements were performed with 100 pmol horse myoglobin (16915n5 Da). Masses of the reference protein and the purified peptide were calculated taking the mean of the residual mass of each amino acid into account (Fenn et al., 1990) .
The N-terminal amino acid sequencing was performed by automated Edman degradation with a model 477A sequencer\ model 120A phenylthiohydantoin analyser (Applied Biosystems). For homology analyses of the amino acid sequences, the   program was used (Thompson et al., 1994) .
Assay of bacteriocin activity, inhibitory spectrum and mode of action. Bacteriocin activity was measured by an agar spot test as described previously (De Vuyst et al., 1996a) . Briefly, twofold dilutions of cell-free culture supernatant containing bacteriocin (10 µl) were spotted onto fresh indicator lawns of L. delbrueckii subsp. bulgaricus LMG 6901 T . These lawns were prepared by propagating fresh cultures to an OD '!! of 0n45 and adding 100 µl of the cell suspension to 3n5 ml of overlay agar. Overlaid agar plates were incubated for at least 24 h at 37 mC. Activity was defined as the reciprocal of the highest dilution demonstrating complete inhibition of the indicator lawn and was expressed in activity units (AU) (ml culture medium) − ".
To assay their spectrum of activity, the antimicrobial activity of concentrated preparations of partially purified amylovorin L471, purified amylovorin L471 and partially purified lactobin A was examined against a wide range of target bacteria in at least two separate tests. All bacteriocin preparations used had an activity of 6400 AU ml − " against L. delbrueckii subsp. bulgaricus LMG 6901 T .
To investigate its mode of action, filter-sterilized, partially purified amylovorin L471 (3n5 ml of a bacteriocin solution containing 12 800 AU ml − ") was added to 10 ml of an exponentially growing culture of L. delbrueckii subsp. bulgaricus LMG 6901 T (the most sensitive strain), Listeria innocua RZS 01 (an insensitive strain) and L. amylovorus DCE 471 (the producer strain). Growth was followed by measurement of OD '!! and by plate counting on MRS (lactobacilli) or LM (Listeria) agar.
Bacteriocin production. To investigate whether amylovorin L471 production was constitutive or induced, samples were taken at different times during the growth cycle of L. amylovorus DCE 471. From each sample a tenfold dilution series was made, resulting in a much lower density than that from which bacteriocin production can be induced (Diep et al., 1995 ; Saucier et al., 1995 ; Nilsen et al., 1998) , and each tube was further incubated until fully grown. The OD '!! and the bacteriocin titre were then determined. In addition, L. amylovorus DCE 471 cells were treated with proteinase K and α-chymotrypsin for 2 h at 37 mC in 50 mM sodium phosphate buffer at pH 7n5. Both proteases are able to inactivate amylovorin L471 (De Vuyst et al., 1996a) . Before and after protease treatment cells were washed in 0n85 % NaCl. Again, tenfold dilution series of the treated cells were made. Bacteriocin activity of the subsequent full-grown cultures was checked.
To study the influence of ethanol on L. amylovorus DCE 471 bacteriocin production and adsorption, a 15 l stainless steel Biostat C fermenter (B. Braun Biotech International) with temperature and pH control (Micro-MFCS for Windows NT) was used for batch fermentation experiments. The fermenter was operated at a temperature of 37 mC and a controlled pH of 5n0, and was inoculated with 1n0% (v\v) of an exponentially growing cell culture of L. amylovorus DCE 471. This culture was obtained by propagating the bacterium in MRS broth at 37 mC for 12 h ; the transfer inoculum was 1n0% (v\v). Slow agitation of 50 r.p.m. was applied to keep the broth homogeneous. The fermenter was filled with 10 l modified MRS medium containing (l − ") 40 g glucose and 88 g of a complex nitrogen source [40 g bacteriological peptone (Oxoid), 32 g meat extract (Lab-Lemco, Oxoid), 16 g yeast extract (Merck)]. The medium was sterilized in situ at 121 mC for 20 min. The energy source was sterilized separately and aseptically added to the fermenter. Ethanol was added to a batch fermentation in order to obtain a gradual increase of the ethanol concentration. Samples were withdrawn aseptically at regular time intervals to determine the cell dry mass (g l − "), the bacteriocin activity (AU ml − "), and the residual glucose and ethanol concentrations (both g l − "). Cell dry mass and bacteriocin activity analyses were performed as described previously (De Vuyst et al., 1996b) . Glucose and ethanol were determined with a HPLC system (Waters). Samples were pretreated with 20 % (w\v) TCA to precipitate proteins. A pre-packed column RT 300-7,8 Polyspher OA KC (Merck) and a differential refraction detector (Waters) were used. As the mobile phase, a 2n5 mM H # SO % solution was used at a fixed flow rate of 0n4 ml min − ".
RESULTS

Purification and characterization of amylovorin L471
In our previous work on amylovorin L471, two active antimicrobial peptides (4800 and 5800 Da) were detected after overlaying a Tricine\SDS-polyacrylamide gel with the amylovorin-L471-sensitive indicator strain L. delbrueckii subsp. bulgaricus LMG 6901 T (De Vuyst et al., 1996a) . We have now purified one of the two bacteriocins by RP-FPLC using a C2\C18 column. RP-FPLC was the only chromatographic step used subsequent to ammonium sulphate precipitation (40 % saturation) and chloroform\methanol extraction\ precipitation (with 15 vols of a 2 : 1 mixture) (see Methods). The use of only one chromatographic step drastically simplifies the purification of lactic acid bacteria bacteriocins. An organic component (either methanol or 2-propanol) in phase A appeared to be necessary to retain sufficient activity of amylovorin L471 during elution. In the absence of methanol or 2-propanol, no bioactivity could be recovered after elution. Pure amylovorin L471 co-eluted with an absorbance peak at 210 nm, at a concentration of 55 % 2-propanol (Fig. 1) . Its bioactivity (6400 AU ml −" , measured against L. delbrueckii subsp. bulgaricus LMG 6901 T ) was unchanged when comparing bacteriocin activity in the load and in the eluting fraction. A lowmolecular-mass impurity (approx. 500 Da) was easily removed by ultrafiltration. The purity of the bioactive FPLC fraction was confirmed by Tricine\SDS-PAGE (results not shown), electrospray mass spectrometry and N-terminal amino acid sequencing. The molecular mass of amylovorin L471 was 4876n93p0n33 Da as determined by electrospray mass spectrometry (Fig. 2) . Amino acid composition analysis revealed that amylovorin L471 is composed of about 55 amino acids (results not shown). The N-terminal amino acid sequence of 35 amino acids was determined (Fig. 3) and is identical to the N-terminal sequence of lactobin A (molecular mass of 4879n00p0n69 Da) produced by L. amylovorus LMG P-13139 (Contreras et al., 1997) . The amylovorin L471 sequence so far determined contains 23 % glycine residues and 40 % hydrophobic residues with the glycines regularly spread along its length. It also shows 42 % similarity with the sequence of lactacin X (Fre! maux et al., 1993) (Fig. 3) . The predicted hydropathy profile of the elucidated N-terminal part of amylovorin L471 and lactobin A calculated according to Kyte & Doolittle (1982) shows that the whole molecule is strongly hydrophobic, with the most hydrophobic part near the C terminus (results not shown).
Antibacterial spectrum
Because of the similarity between amylovorin L471 and lactobin A, the inhibitory spectra of both the partially purified peptides (amylovorin L471 and lactobin A) and purified amylovorin L471 were compared (Table 1) . Whereas both bacteriocins inhibited lactobacilli in particular, they displayed significant differences. More Lactobacillus spp. were sensitive to amylovorin L471. Furthermore, it is noteworthy that Clostridium tyrobutyricum LMG 1285 was sensitive to amylovorin L471, while other Clostridium strains were insensitive. This emphasizes the very specific action of bacteriocins against target cells. Only a very weak activity of amylovorin L471 was observed against Listeria spp. Further, it is interesting to note that, while the amylovorin-producing strain inhibits L. amylovorus LMG P-13139, the producer of lactobin A, the latter does not inhibit the former. This indicates that L. amylovorus DCE 471 is immune to lactobin A while L. amylovorus LMG P-13139 is sensitive to amylovorin L471.
Addition of amylovorin L471 (3n5 ml of a bacteriocin solution containing 12 800 AU ml −" ) to 10 ml of an exponentially growing L. delbrueckii subsp. bulgaricus LMG 6901 T culture resulted in an immediate loss of viable cells. The number of colony forming units was already zero within 1 min (not shown in Fig. 4a ). This indicates that amylovorin L471 possesses a uniquely high potency, although it displays a narrow inhibitory spectrum. A decrease in OD '!! indicated cell lysis (Fig.  4a) . Even by reducing the bacteriocin concentration (addition of 2n0 ml of a bacteriocin solution containing 12 800 AU ml −" ), a similar decrease in cell number occurred albeit without cell lysis (results not shown). In contrast to L. delbrueckii subsp. bulgaricus LMG 6901 T , growth of Listeria innocua RZS 01 was not influenced upon addition of amylovorin L471 to the growing culture, confirming its inability to kill Listeria spp. (Fig.  4b) . Addition of 3n5 ml of amylovorin L471 (12 800 AU ml −" ) to the amylovorin L471-producing strain did not affect bacterial growth (Fig. 4c) . After addition of amylovorin L471, however, no increase in bacteriocin activity could be detected in the medium, indicating an immediate adsorption of amylovorin L471 to the producing cells. An increased amylovorin L471 production by the cells did not occur either, indicating that amylovorin L471 may be produced constitutively (see below).
Bacteriocin production
The kinetics of amylovorin L471 production have been described previously (De Vuyst et al., 1996a, b) . Bacteriocin production starts early in the growth cycle and continues till the beginning of the stationary phase. During the stationary phase the bacteriocin-producing cells are killed. Because many class II bacteriocins appear to be regulated at the genetic level, physiological induction experiments were carried out. To investigate whether (bacteriocin) induction factors were present, L. amylovorus DCE 471 cells taken at different times during the growth phase were diluted (10 −# -10 −"% ) in fresh medium and again incubated to study growth and bacteriocin production kinetics. With all inocula, comparable maximum cell populations and bacteriocin titres (800-1600 AU ml −" ) were observed. Similarly, washed cells treated with proteases and transferred to fresh medium did show cell growth and concomitant bacteriocin production (1600 AU ml −" ). This indicates that the amylovorin L471-producing strain was not dependent on inoculum size nor on the presence of cell-associated proteinaceous (bacteriocin) induction factor(s) for bacteriocin production.
Since killing of the cells during the stationary phase may go hand-in-hand with adsorption of the bacteriocin to the cell surface of the producing cells, the influence of ethanol has been studied with respect to its capacity to prevent aggregation and adsorption of bacteriocin molecules. Bacterial growth and bacteriocin production were therefore followed during batch fermentation with or without gradual addition of ethanol (Fig. 5) . During the fermentation without ethanol addition, glucose was completely consumed after approximately 15 h of incubation. This was followed by a drastic decrease in amylovorin L471 activity (Fig. 5a ). This phenomenon coincided with a drop in c.f.u. as described by De Vuyst et al. (1996a, b) . Gradual addition of ethanol during bacterial growth resulted in a similar biomass production profile (Fig. 5b) and a higher viability of bacteriocin-producing cells. Maximal bacteriocin activity at the end of the growth phase was higher than the maximal activity obtained during fermentation without addition of ethanol (Fig. 5a, b) . In addition, no decrease in bacteriocin activity was observed, indicating that no adsorption of the amylovorin L471 molecules to the surface of the producer cells occurred. Bacteriocin adsorption could not be observed during the growth and bacteriocin production phase either (results not shown ; De Vuyst et al., 1996b) . However, adsorbed bacteriocin molecules could be recovered from the cells by both acid extraction (De Vuyst et al., 1996b) and addition of ethanol to fermentation medium containing the cells (results not shown). The ethanol effect described here could also be obtained by co-cultivation of L. amylovorus DCE 471 and a strain of Saccharomyces cerevisiae (unpublished results).
DISCUSSION
In the present paper it is shown that the bacteriocin amylovorin L471, produced by L. amylovorus DCE 471, can be purified to homogeneity by a simple three-step procedure (ammonium sulphate precipitation, followed by methanol\chloroform extraction and then reversedphase chromatography). Despite the recent success in the analytical purification of bacteriocins from lactic acid bacteria, most methods reported in the literature make use of a sequence of cation exchange, hydrophobic interaction, gel filtration and\or RP-FPLC (see for instance Nissen-Meyer et al., 1992) . The method reported in this paper is unique in that it includes only one chromatographic step, which enables a high recovery of bioactive material. In addition, the method reported here seems to be generally applicable for other hydrophobic class II bacteriocins (De Vuyst & Callewaert, 1997) . The primary structure of the sequenced N-terminal part of amylovorin L471 is identical to that of the bacteriocin lactobin A, produced by another L. amylovorus strain (Fig. 3) . Lactobin A is the only other L. amylovorus bacteriocin whose sequence has so far been determined (Contreras et al., 1997) . We do not know at present how closely these bacteriocins are related at the genetic level. The lactobin-A-producing strain and L. amylovorus DCE 471 were both isolated from a starch-containing substrate, but differ in their total cell protein profile (L. De Vuyst & B. Pot, unpublished results) and in the fact that L. amylovorus DCE 471 cells do not aggregate whereas L. amylovorus LMG P-13139 cells do so within a few minutes after mixing a test tube containing a high density of bacterial cells. The two bacteriocin producers thus behave differently phenotypically. It frequently happens that the same bacteriocin is isolated from several strains of the same species as is the case here, or from several species of the same genus. This often becomes clear only after having determined the amino acid or gene sequence. For instance, sakacin A from Lactobacillus sake (now Lactobacillus sakei) Lb706 (Holck et al., 1992) and curvacin A from Lactobacillus curvatus LTH1174 (Tichaczek et al., 1992) are similar. However, it is also found that an IS element has been introduced into the sakacin A gene cluster which is not found in the L. curvatus strain (unpublished results). Although supposed to be species-specific (De Vuyst & Vandamme, 1994) , one bacteriocin (pediocin AcH) has been reported to be synthesized by different strains, namely Pediococcus acidilactici and Lactobacillus plantarum (Ennahar et al., 1996) .
The N-terminal sequence of 35 amino acids of amylovorin L471 reported in this paper shows strong similarity with lactacin X (LafX), a bacteriocinogenic peptide from Lactobacillus johnsonii VPI 11088. The latter peptide is produced simultaneously with lactacin F (LafA). Both LafA and LafX peptides constitute the lactacin F complex, a two-peptide bacteriocin (Fre! maux et al., 1993) . The considerable similarity may indicate that amylovorin L471 is likewise part of a two-peptide bacteriocin, although amylovorin L471 has a very strong activity on its own. The hydropathy profiles of amylovorin L471 and lactobin A show that the whole molecule is strongly hydrophobic, with the most hydrophobic part near the C-terminal end of the currently available sequence. Lactacin X displays a similar profile.
The antimicrobial spectrum of both partially purified and purified amylovorin L471 resembled that of crude cell-free culture supernatants, which may indicate that this bacteriocin is the only one that is expressed by L. amylovorus DCE 471. However, it should be mentioned that the presence of multiple bacteriocin genes is common for a single lactic acid bacterium strain (Casaus et al., 1997 ; Anderssen et al., 1998 ; Papathanasopoulos et al., 1998) . Also, the lactobin A producer, L. amylovorus P-13139, produces at least two bacteriocins, namely lactobin A and lactobin B (B. Contreras, E. Sablon & L. De Vuyst, unpublished results). Nevertheless, only lactobin A could be isolated and purified from active culture broths (Contreras et al., 1997) . Amylovorin L471 displays a very narrow inhibitory spectrum, being active only against some lactobacilli, without any significant effect against food spoilage and food-borne pathogenic bacteria. Similar narrow inhibitory spectra were observed for lactacin F (Muriana & Klaenhammer, 1987) and lactobin A (Contreras et al., 1997) . For instance, lactacin F is bactericidal to the closely related species L. delbrueckii and L. helveticus, and to Lactobacillus fermentum and Enterococcus faecalis. The LafA peptide alone is active against only L. helveticus (Muriana & Klaenhammer, 1991) . Such killing of closely related strains may reflect a sophisticated mode of competition among related species sharing the same ecological niche. The apparent discrepancies between the inhibitory spectra of amylovorin L471 and lactobin A are difficult to explain ; they may be due to the absence (lactobin A) or presence (amylovorin L471) of a disulphide bridge, which possibly also explains the small difference in molecular mass between the two peptides. The diversity of bacteriocins and their various spectra of activity may reflect the broad habitats in which lactic acid bacteria compete, ranging from fermenting food substrates to the intestinal tracts of man and animals. Why L. amylovorus DCE 471 (amylovorin L471 producer) is resistant to the bacteriocin produced by L. amylovorus LMG P-13139 (lactobin A and B producer), but not vice versa, is difficult to explain. Felix et al. (1994) suggested that the (Ga! lvez et al., 1998) . Also, adsorption to both sensitive and resistant cells is a wellknown phenomenon (Bhunia et al., 1991 ; Atrih et al., 1993 ; Rekhif et al., 1994 ; Manca de Nadra et al., 1998 ). It appears that amylovorin L471 production is not dependent upon induction. Indeed, no bacteriocin nonproducing culture could be obtained after extensive dilution of active cells as was observed for some other bacteriocin-producing strains (Diep et al., 1995 ; Saucier et al., 1995) . In addition, no improved bacteriocin production could be observed upon addition of amylovorin L471 to producer cells, also suggesting that amylovorin L471 is produced constitutively. Furthermore, higher amounts of carbon and nitrogen as well as unfavourable growth conditions could stimulate specific amylovorin L471 production (De Vuyst et al., 1996b) . Other authors have reported on the stimulation of bacteriocin production by external influences such as mitomycin C (Rammelsberg et al., 1990 ; Fre! maux et al., 1993) and foreign proteins (Barefoot et al., 1994) . However, recently it has been shown that the biosynthesis of several bacteriocins is induced via transcriptional activation through a three-component signal transduction pathway (Nes et al., 1996) . Hence, the possibility that the induction factor adheres to the cells very strongly cannot be excluded. For instance, sakacin A production is turned on continuously, although it has a three-component induction system (unpublished results). We have already reported that loss of bacteriocin activity upon prolonged batch fermentation is due to adsorption of the bacteriocin molecules to the producing cells, which in turn prevents further cell growth and hence bacteriocin production (De Vuyst et al., 1996b) . This paper shows that ethanol clearly affects bacteriocin adsorption to the producer cells upon prolonged fermentation. Inhibition of adsorption of the bacteriocin molecules to the cell surface by ethanol can prevent subsequent cell death due to a limited immunity of bacteriocin producer cells. The higher viability of bacteriocin-producing cells at the end of the fermentation in the presence of ethanol confirms this hypothesis. An increased bacteriocin production upon addition of 1n0% (v\v) ethanol was also observed for lactocin S (Mørtvedt-Abildgaard et al., 1995) . As for amylovorin L471, no positive effect of ethanol on the activity of the bacteriocin in solution was found. Since ethanol had to be present during bacterial growth and lactocin S production, an enhancing role of ethanol on bacteriocin gene expression was suggested in this case. It has further been postulated that the presence of ethanol disturbs the binding of the induction fator to its receptor (the putative protein kinase) during bacteriocin production in E. faecium CTC 492 (Nilsen et al., 1998) . No further studies were performed concerning the ethanol effect on bacteriocin production.
